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摘  要 
 
近年来，由于传统化石燃料价格的不断攀升以及温室效应所引发的日益严重
的环境问题，世界各国逐渐意识到核能的重要性。随着福岛核事故的发生，如何
安全、高效地使用核能成为了举世关注的话题。由于核燃料自身较强的辐射性及
苛刻的实验条件限制，传统的“炒菜”式实验方法不适用于核燃料的研究。为了
更加充分地利用已有的相图实验信息，可采取相图计算的方法，为核燃料的成分
和组织设计提供重要的理论指导。 
本论文基于相图计算的 CALPHAD 方法，对部分铀、钚基核材料体系进行
了热力学优化与计算，主要的研究工作如下： 
(1) 系统地收集、整理和分析了Pu-X (X: La, Ni, Zn)、U-Ce和Cr-V各二元系
的热力学信息和实验相图数据，利用CALPHAD方法，对各二元系相图进行了优
化与计算，计算结果与实验信息取得了良好的一致性。同时，基于本研究组的研
究积累，结合最新热力学性质的实验信息，对Pu-X (X: Cr, Ta, V)各二元系相图进
行了热力学再优化与计算。 
(2) 基于文献报道的U-Si-X (X: Fe, Mo, Nb, Ti)、U-Zr-X (X: Al, Nb)、Nb-Zr-Cr
各三元系实验相图信息，利用CALPHAD方法，对各三元系相图进行了热力学优
化与计算。计算结果与实验信息吻合良好。 
(3) 基于各基础子二元系及子三元系的热力学参数，对U-Nb-Zr-Cr及
Pu-Cr-Ta-V四元系合金相图进行了热力学计算，分析了微合金化对U-Nb和U-Zr
合金中bcc相的稳定性的影响，为新型核燃料的合金设计提供重要的理论指导。 
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Abstract 
In recent years, the price volatility of traditional fossil fuel and the 
ever-increasing concern on the environmental protection issue induced by greenhouse 
gas emissions have aroused the world’s attention on nuclear energy. After the 
occurance of nuclear crisis of Fukushima Daiichi power plant, how to use nuclear 
energy as a safe and effective energy source for power generation has become one of 
the most urgent issues on many countries’ agenda. On account of the stringent 
experimental conditions, the traditional methods conducted by former researchers 
with many experimental trials are unsuitable. In order to make full use of the limited 
experimental information on the theoretical guidance of designing materials’ 
constituent and microstructure, the CALPHAD (Calculation of Phase Diagrams) 
method is adopted. 
In the present work, thermodynamic optimizations were carried out based on 
CALPHAD method. The details of the work is presented as followed: 
(1) Thermodynamic description of the Pu-X (X: La, Ni, Zn), U-Ce and Cr-V 
binary systems were obtained by the application of the CALPHAD method based on 
critically evaluated literature data. The calculated results are in good agreement with 
the experimental data. Pu-X (X: Cr, Ta, V) systems were reassessed based on the 
previous work of our research group and new information of thermodynamic 
properties. 
(2) The phase diagrams of the U-Si-X (X: Fe, Mo, Nb, Ti), U-Zr-X (X: Al, Nb) 
and Nb-Zr-Cr ternary systems were assessed by using the CALPHAD method. A 
reasonable agreement was reached between the the calculated phase diagrams and the 
literature data. 
(3) Based on the thermodynamic parameters of related binary and ternary systems, 
the phase diagrams of the U-Nb-Zr-Cr and Pu-Cr-Ta-V quaternary systems calculated 
by using the CALPHAD method. The effect of alloying on the stability of bcc phase 
in the U-Nb and U-Zr systems was investigated. The results of the present work could 
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be utilized as a vital theoretical guidance for the design of new kind of nuclear fuels. 
 
Keywords: Nuclear Materials, Phase diagram, Thermodynamic Assessment 
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